






??　目的:研究游泳训练后大鼠腓肠肌二价金属离子转运体1(divalent metal transporter 1 , DMT1)、
转铁蛋白受体(transferrin receptor , TfR)及膜铁转运蛋白 1(ferroportin1 , FPN1)表达的变化 ,探究运动对腓
肠肌铁代谢的影响机制。方法:40只雌性 SD大鼠随机分为对照组和游泳训练组 ,分别于游泳训练5周
及10周后取材 ,测定血清铁状态 、腓肠肌非血红素铁含量 ,采用Western Blot方法检测腓肠肌铁代谢相关
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Abstract　Objective To investigate the effects of swim training on the expression of divalent metal trans-
porter 1(DMT1), transferrin receptor(TfR)and ferroportin 1(FRN1)in rats' gastrocnemius.Methods 40 fe-
male SD rats were randomly divided into two groups:control group(CG)and exercise group(EG), and were
sampled after 5 and 10-week swimming.Determined serum iron status and non-heam iron of gastrocnemius.
Observed the expression of TfR , DMT1 and FPN1 by Western Blot.Results(1)The serum iron , Hb and RBC
were significantly higher than those in control group.The gastrocnemius' non-heam iron of exercise group
were significantly increased after 10-week training(P<0.01).(2)The expression of DMT1(IRE)and TfR
of exercise group was increased , but FPN1 expression was decreased , and DMT1(non-IRE)had no change.
Conclusion Suitable training could improve body iron homeostasis , increase gastrocnemius' non-heam iron.
The mechanism of changes were that the expression of DMT1(IRE)and TfR were increased but that of FPN1
was decreased.









? ,?????? (transferrin receptor , TfR),???
??(iron regulatory proteins , IRP),?????(Iron
responsive element , IRE),????????? 1(di-
valent metal transporter 1 , DMT1)??????? 1












?? 90 ～ 100g ? Sprague -Dawley ???? 40
? ,?????????????? ,??????
????????? ,???? 。???? 22℃～
24℃,????? 45%～ 55%。????????
???(??)??????(?????????
???????????? 90min[ 5 ,6] ),?? 20
? ,????? 5???? 10???? 。????
?????130cm×90cm×70cm ,?? 32℃±1℃。
1.2　??
????? 36h?? ,?????????? 。
0.4%?????(1ml/100g)???????? , EP
?????? EDTA-K2 ????;??? EP ??
?? 1.5ml ,845g/min ,4℃?? 20min??? , -70℃
???????? 。????? ,?????(Mill
-Q ,France)?? 4℃???????? ,????
?? 80 ～ 100mg ,?????? ,????????
???? ,???????????。?????
? ,??????? ,110℃? 4h ,?-70℃????
????????。
1.3　?????:?? Beckman Coulter AC Tdiff 2
??????????。
1.4　????????:?? Iron and Iron-binding




???? , 65℃?? 20h。12000g/min ,?? 10min ,
? 0.025ml???????(1μg/ml),?????





/100mg):1mlTBS(pH8.0)??? 10μl NP -40 , 1μl
Pepstatin(1μg/ml),1μl Leupeptin(1μg/ml),1μl Apro-




um dodecly sulphate -polyacrylamide gel electrophore-
sis):Tris base ,glycine , acrylamide ,N , N' -methylene-
bisacrylamide , 2-mercaptoethanol ? ammonium persul-
fate ??????SIGMA。10%??? ,4%??? ,
???? 50μg ,???? Marker (Molecular weight
standards , Amersham Pharmacia Biotech), ????
(Bio -Rad)100V , 20min ,? 200V , 45min;????
NC?(Trans-Blot★R Transter Medium Pure Nitrocellu-
lose Membrane , Bio -RAD , 0.45μm)300mA , 45min。
5%????????? 2h ,???? 1∶5000??
?? FPN1 、DMT1(IRE)、DMT1(non -IRE)? TfR
(ADI , San Antonio , TX)??? , 4℃??;TBST (20
mM Tris-Cl , pH 7.6 , 137 mM NaCl , 0.1%Tween-
20)????? 1∶5000???????(HRP)??
???(???? IgG(H+L)),?????? 1h;?
???????(Super Signal★RWest Pico Trial Kit ,
PIERCE , USA)??;???????(Chemilumines-
cence imaging system , ΨMEGA12ic , USA)???? ,
Gel-Pro Analyzer★R(MEDIA CYBERNETICS , USA)?
???????。TBST????????? ,??
? β -actin??(anti-actin ,Sigma-Aldrich , MO)?
???? 。???????????? β-actin?
OD?? 。
1.7 　????:??????  x ± s ?? , ?
SPSS11.0 ?????????(One -Way ANO-




?????? ,5???????? Hb 、Hct?
???????????(P <0.05 , P <0.01),?
??????????(P<0.05)。
10???????? Hct? Hb ??????







? 1　?????????? 、???????????????????(n=10)( x±s)











红细胞压积 Hct(%) 30.17±1.56 34.73±2.84＊＊ 32.58±3.23 35.04±3.55△
血红蛋白 Hb (g/ dl) 13.33±0.63 14.23±0.37＊ 13.55±0.85 14.46±0.52△
血清铁 SI(μg/ dl) 207.41±25.61 225.56±17.54 193.95±8.58 219.14±6.31△△
未饱和铁结合力 UIBC(μg/ dl) 256.47±21.36 223.89±30.91＊ 295.99±11.74 260.72±23.03△
总铁结合力 TIBC(μg/dl) 463.95±26.35 449.45±46.10 489.89±17.34 479.86±33.43
转铁蛋白饱和度 TS(%) 44.61±4.38 50.31±2.24＊＊ 38.86±2.59 45.67±3.67△△
腓肠肌非血红素铁
gastrocnemius' non-heam iron(μg/g) 103.2±18.07 125.95±38.09 66.92±15.39 125.16±20.91
△△
注:＊ P <0.05 , ＊＊ P<0.01 ,与 5 周对照组比较 , compared with control group after 5-week swim training.




??? ,Gel-Pro Analyzer★R???????? 。CG
???? , EG?????? 。?????????
??TfR ～ 90kDa ,DMT1 ～ 56kDa ,FPN1 ～ 60kDa , β -
actin ～ 42kDa 。???? β -actin ???????
( x ±s , n=10)(? 5)。
Western Blot????:???? 10?????
???????? 2005 ? 3?? 24 ?? 2? Chin J Sports Med ,March 2005 , Vol.24 , No.2 ·149　·
TfR? DMT1(IRE)?????????(TfR:CG ?
0.743±0.071 ,EG? 0.854±0.033;DMT1(IRE):CG
? 1.069±0.102 , EG ? 1.258±0.048 , P <0.05);
DMT1(non-IRE)?????????(CG? 1.157
±0.111 ,EG? 1.276±0.106),????? 10??
FPN1??????????(CG? 1.174±0.117 ,
EG? 0.953±0.133 , P<0.05)(?5)。
? 5　10 ??????????????????
?????
Fig.5　Effects of 10- week swim training on the expres-
sion of gastrocnemius' iron transport proteins in
rats
＊P <0.05 ,与对照组相比 , compared with controls
3　??
3.1　?????????????????
???? 5?? 10??Hct? Hb?????
?。Hct?Hb???????????????
????O2 ????? ,???????????














???????????????? , ?? Kap-










???? 95kDa ????????????? ,?
??????????????????????
?[ 8 ,9] 。DMT1???????????????
???????。DMT1????? 12?????
??? ,??????????。?? DMT1 mRNA
?? ,DMT1?????? ,3' ?????????
???(iron regular element , IRE)??? DMT1
(IRE),? IRE??? DMT1(non-IRE),?????
??? 、????????? 。???? DMT1?
????????????????? ,????
???????? DMT1???????????






???? , ???? 10 ??????? TfR ?
DMT1(IRE)???? ,????????????
???? 。? FPN1???????? ,????
?????????????。????????





(untranslated region , UTR)??? IRE ,??????
???????????(iron regulation protein ,
IRP)? IRE ????????????????
? 。DMT1(IRE)? TfR? IRE??? mRNA 3′??
??? ,?????????? , IRP ? mRNA 3′?
? IRE?? ,mRNA ???? ,DMT1(IRE)? TfR?
????? 。??????? , IRP ? IRE???
??? ,mRNA ????? ,?????? ,???
??????[ 13] 。? FPN1? IRE?? mRNA 5′?
???? ,???????? , IRE/ IRP ?????
mRNA??? ,?????? ,?????????
　·150　· ???????? 2005 ? 3 ??24?? 2 ? Chin J Sports Med ,March 2005 , Vol.24 , No.2
????? 。?? , IRE?? mRNA? 5' ?? ,??
? IRE/ IRP??? ,???? mRNA ??????
???????????;?? IRE?? mRNA ?
3' ?? ,? IRE?????? ,????mRNA??
?? ,???????? ,????????[ 12] 。
???????? 10????????? DMT1
(IRE)??????????? ,? DMT1(non -
IRE)?????。??????????????
?????????? IRE? IRP ??????
?。???? 10????? TfR? DMT1(IRE)?




IRE? IRP ??????? ,???????
??????:(1)??? NO ?????? IRE ?
IRP????[ 14-17] 。(2)Hepcidin ??????
?[ 18] :?????? Hepcidin?????????
?????? ,???????? ,???? IRE?
IRP????? ,?? DMT1 、????? B 、???
?????(hephaesin , HP)? FPN1???? ,??
????????? 。???? Hepcidin????
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